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FURROW IRRIGATION MANAGEMENT WITH LIMITED WATER
J. P. Schneekloth,  N. L. Klocke,  D. R. Davison,  J. O. Payero
ABSTRACT. Dwindling water supplies in the Great Plains are a major concern to the economics of the region. Water
management studies on limited irrigation usually focus attention on sprinkler irrigation for the delivery system. Furrow
irrigation has more management factors that can influence water application including water advance and water distribution
over the furrow length. This study compared water application strategies to reduce the amount of water delivered to corn
during the vegetative and late grain fill growth periods from 1998 to 2000. In addition to a “full irrigation” and “late initiation
of irrigation” treatment, two water allocation treatments were imposed, which limited seasonal water applications to 150 and
250 mm, respectively and “rainfed” treatment. Average grain yield over three years for “late” treatment was 0.2 Mg ha-1 or
2% less than that of “full” treatment. Yields for the 150- and 250-mm treatments were 1.1 and 0.4 Mg ha-1 less than “full.”
The reduction in gross water applied was 21%, 36%, and 51% for “late,” 250 mm, and 150 mm as compared to “full”. Soil
water was measured to a depth of 1.8 m at quarter points along the furrow to evaluate the distribution of the irrigation. Soil
water profiles tended to dry slightly during the season, but there was no statistical difference among the limited and full
irrigation treatments. Best management cropping practices were applied, including ridge tillage/planting, furrow packing,
irrigation scheduling, and surge irrigation techniques to keep water in the soil profile and target water applications to critical
crop growth stages.. These practices maximized the potential success of all irrigation treatments.
Keywords. Limited irrigation, Furrow irrigation, Corn, Irrigation management.
any farmers in the Great Plains region face
dwindling water supplies. Water tables in many
regions are declining and are not sustainable at
current rates of use. During time periods of
drought, surface water supplies are over-appropriated, due in
part to lack of runoff or return flows. Pre-development water
tables have declined by 9 to 15 m in southwest Nebraska,
northeast Colorado, and northwest Kansas. Texas and Kansas
irrigated cropland acres have declined. Irrigated cropland in
Texas has declined from 2.8 to 2.0 million ha while Kansas
has declined from 1.4 to 1.2 million ha (Census of Agricul-
ture, 1992).
Timing of water application is critical for limited water
supplies. Robins and Domingo (1953) identified the sensitiv-
ity of corn to water stress during the pollination period. Grain
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yield reductions of 22% were observed when corn was
stressed for two days with soil moisture approaching wilting
point. Six to eight days of water stress caused 50% yield
reductions. Barrett and Skogerboe (1978) found a severe
yield reduction caused by stress during the reproductive
growth stage. They found that if corn was stressed during the
vegetative growth stage, the crop was “somewhat condi-
tioned to stress and the detrimental effects of the pollination
period stress may be lessened.” Withholding irrigation
during the vegetative growth stage reduced yields by 13%
while withholding irrigation during the reproductive growth
stage reduced yields by 30%. Stone et al. (1978) found that
a single irrigation during silk emergence had the most yield
response for corn compared to irrigation during either tassel
or blister in central Kansas. Musick and Dusek (1980) found
that stress during the vegetative grow stage increased water
use efficiency as compared to stress during either the
pollination or grain fill growth stages. However, stress at any
growth stage reduced overall grain yields.
Gilley et al. (1980) used a line-source sprinkler irrigation
system to study the effect of water stress on corn at the
vegetative,  pollination, and grain filling stages. They found
no yield reductions when the crop was stressed only during
the vegetative stages. However, significant reductions re-
sulted when stress occurred during the reproductive stages
(pollination and grain filling). Schneekloth et al. (1991)
followed this study with sprinkler irrigated field trials where
150 mm of allocated water was limited to applications during
reproductive stages. During five years between 1986 and
1991 at North Platte, Nebraska, the allocated water plots
achieved 79% of the yields of the fully irrigated plots. More
recently, Klocke et al. (2004) compared fully irrigated,
irrigation initiated at pollination, and water allocated
(150 mm) strategies on farm-scale sprinkler irrigated plots.
The late initiated and water allocated plots yielded 93% and
M
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84% of the grain as the fully irrigated plots, respectively.
These same plots were projected to produce 95% and 88%,
respectively, of the economic net return as the fully irrigated
plots.
Furrow irrigation in the central Great Plains traditionally
includes surface planting after secondary tillage or ridge-till
planting on the previous year’s ridge. Furrows for surface
irrigation are usually reformed with a ridging operation after
a single cultivation and just before closure of the crop canopy.
This can leave the soil on the sides of the furrow loose and
crumbly, which can slow advance of the first irrigation. Most
furrow irrigators in the region are concerned about getting the
water to advance across their fields fast enough during the
first irrigation to avoid excessive infiltration. Delaying the
first irrigation excessively after furrow forming is viewed as
counter productive for rapid advance of water across the field
due to the soil drying and increasing infiltration rates.
The objectives of this study were to: (1) evaluate the grain
yield response of furrow irrigated corn to five water
management  strategies, and (2) evaluate the effect of these
water management strategies on the uniformity of water
distribution along the length of the furrows.
METHODS AND PROCEDURES
SITE DESCRIPTION
This study was conducted at the West Central Research
and Extension Center of the University of Nebraska-Lincoln
at North Platte, Nebraska. North Platte is located at 41.08°
latitude north, 50.5° longitude west, and at an elevation of
891 m above sea level. The climate is semi-arid and
approximately  80% of the annual precipitation falls between
April and September. The predominant soil type was Cozad
silt loam (Fluventic Haplustoll) with a pH of 7.5 and plant
available water holding capacity of 0.17 m3m-3 for the depths
0 to 1.8 m. The average water content at field capacity and
permanent wilting were 0.29 and 0.11 m3m-3, respectively.
Plant available water for the 1.8-m depth was equal to 306
mm. Ground slope at the research site was from 0 to 0.5%.
IRRIGATION MANAGEMENT
Five water management strategies were established for a
continuous corn rotation. The water management strategies
were: (1) rainfed; (2) 150-mm annual irrigation allocation;
(3) 250-mm annual irrigation allocation (4) late initiation of
irrigation during reproductive crop growth phase; (5) full
irrigation to meet evapotranspiration (ET) demand. Full
irrigation treatment applications were scheduled according
to soil water measurements from the neutron attenuation
method (Gardner and Kirkham, 1952). Soil water was
measured bi-weekly to a depth of 1.8 m in depth increments
of 0.3 m. Irrigation to the full treatment was applied to
maintain 50% or more plant available soil water in the 0- to
0.9-m profile. End of season management allowed the soil
water to reach 40% of plant availability by maturity.
Initiation of irrigation for the allocation was similar to the late
initiation treatment.
Irrigation management for the 250-mm treatment was
similar to full water management until the allocation was
exhausted. Irrigation management for the late treatment was
designed to withhold water until the start of the reproductive
growth stage. After this time, irrigation management was
similar to full irrigation. This was intended to encourage
deeper rooting depth for greater exploitation of soil water.
Water was applied before reproductive growth stage only if
plant available soil water was 30% or less. Irrigation
management  for the 150-mm treatment was similar the late
initiation.  However, maximum irrigation amounts were
limited to 150 mm.
Gated pipe was used to supply water to the head ends of
every other row to leave alternate rows dry for improved
utilization of precipitation. One surge valve served every two
sets of irrigation. Each irrigation set consisted of a total of
54 dry and wet rows. Standard surge management techniques
were used to improve water advance on all irrigation
treatments.  Furrow stream size was 1.75 l s-1. The set time
was 8 h in 1998 and 1999 and 12 h in 2000. Total average
application per irrigation was 50 mm in 1998 and 1999 and
75 mm in 2000. Surge set times were adjusted according to
advance time at 25% of the furrow length (62.5 m). Furrow
length for each plot was 250 m.
A randomized complete block design with three replica-
tions of each water management strategy was used for this
study. Plot size was 6.9 × 250 m or 0.17 ha. Statistical analysis
was conducted with analysis of variance (ANOVA) and
separation of means by the Duncan’s New Multiple Range
method using the Windows version of the Statistical System
Software (SAS Institute, Inc. Cary, N.C.).
CROPPING MANAGEMENT
Corn was grown in this study using ridge-till management.
Crop residues from the previous season were maintained on
the surface until spring planting. Prior to planting, the corn
stalks were shredded. The ridge-till planter buried the corn
stover in the previous year’s furrow by planting the new crop
into the old ridge and at the same time moving the soil taken
from the top of the ridge onto the corn residue in the furrow.
The corn residue partially decomposed between planting and
cultivation.  All treatments for all years, were planted on or
near 1 May at a seeding rate of 76,600 seeds ha-1 with a row
spacing of 0.76 m. The variety Dekalb 580, which has a
comparative relative maturity of 108 days, was used
throughout the experiment. Post-planting chemical treatment
for weed control was a combination of atrazine, metolachlor,
and dicamba.
Two cultivations were used during the growing season.
The first cultivation was for weed control and the second
cultivation for reforming the furrows. Furrows were packed
with v-shaped packer wheels after ridging to firm and smooth
the soft furrows and reduce infiltration rates (Yonts and
Eisenhauer, 1999). A total of 150 kg of weight was added to
each furrow packer. Grain yield was determined by mechani-
cal harvesting. In 1998, five rows over the entire length of the
plots were harvested and weighed as one sample. With the
availability  of a plot combine in 1999 and 2000, 3-row
samples each 12.2 m long were harvested at multiple
locations along the furrow length. In 1999, samples were
taken in four locations along the row, and in 2000, three
samples were taken along the row length. Grain yields were
adjusted to 15.5% water content.
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Table 1. Annual and annual cropping year precipitation during 1997 to 2000 at North Platte, Nebraska.
Year
Jan-Mar
(mm)
Apr
(mm)
May
(mm)
Jun
(mm)
Jul
(mm)
Aug
(mm)
Sep
(mm)
Oct-Dec
(mm)
Annual[a]
(mm)
1997 17.3 41.9 43.4 90.7 113.3 83.1 35.6 81.5
1998 48.8 17.3 51.4 143.4 89.4 60.8 48.8 97.5 541.4
1999 26.7 73.7 71.1 145.8 27.7 168.9 36.6 12.2 648.0
2000 29.0 34.5 17.3 51.1 54.6 23.4 43.2 126.5 265.2
80-year avg. 45.7 55.9 83.8 86.4 68.6 55.9 43.2 54.1 493.5
[a] Annual precipitation is from 1 October to 30 September.
RESULTS
PRECIPITATION
Growing season precipitation started accumulating after
harvest in the preceding year. The effective year for
precipitation was considered to be October through Septem-
ber. Precipitation from October to September varied from
265 to 648 mm during the study period (table 1). Precipitation
was slightly above average during 1998, was well above
average during 1999, and was below average during 2000.
Rainfall during June through August was 40% and 62%
greater than average in 1998 and 1999, respectively. During
2000, rainfall during June to August was 39% below average.
GRAIN YIELD FROM IRRIGATION STRATEGIES
Irrigated corn grain yield increased significantly over
rainfed yields each of the three years (table 2). Irrigation
amounts are listed in table 3. One irrigation event was applied
to the rainfed treatment in 2000 to rescue the treatment from
desiccation.  Continuous rainfed corn is not a normally
recommended practice in the area. In 1998, yields for full,
late, and 250-mm treatments were significantly more than the
150-mm treatment. Irrigation increased grain yields by
approximately  6 Mg ha-1(an 85% increase) over rainfed
yields. Growing season precipitation (June to August, 1998)
was above average, which resulted in less irrigation than
normal for the area.
All irrigation treatments had more grain yield than rainfed
corn yields in 1999. Growing season precipitation was well
above average with a majority of the precipitation occurring
during June and August (62% above average). Precipitation
during the non-growing season (October to May) was 12%
greater than average. Precipitation during July was below
average but resulted in no reduced yields for limited
irrigation treatments as compared with full irrigation. With
above average precipitation, irrigated yields were approxi-
mately 2 Mg ha-1 or 20% more than rainfed yields. With
above average precipitation, rainfed yields were more than
average for the area.
Table 2. Soil water balance and grain yield/water relationships for furrow irrigation study at North Platte, Nebraska, 1998-2000.
Year Treat Rain[a] Gross Irr. ∆S[b] TW[c] ETc[d] L[e] Yield CWP[f] IWUE[g]
1998 FULL 345 305 144 794 672 122 13.4ab 1.99 2.06c
LATE 345 254 198 797 653 144 12.8bc 1.96 2.24b
250mm 345 203 162 710 666 44 13.2ab 1.98 3.00ab
150mm 345 152 162 659 647 12 12.6c 1.95 3.62ab
Rainfed 345 0 288 633 475 158 7.1d 1.49
1999 FULL 414 152 144 710 644 66 12.5a 1.94 1.51b
LATE 414 102 198 714 631 83 12.1a 1.92 1.86a
250mm 414 102 180 696 631 65 12.1a 1.92 1.86a
150mm 414 102 144 660 638 23 12.3a 1.93 2.06a
Rainfed 414 0 288 702 572 130 10.2b 1.78
2000 FULL 146 381 126 653 641 12 12.4a 1.94 3.27d
LATE 146 305 90 541 650 -109 12.7a 1.95 4.48c
250mm 146 229 126 501 622 -121 11.8b 1.90 6.10b
150mm 146 152 180 478 572 -94 10.2c 1.78 10.13a
Rainfed 146 75 216 315 328 -13 2.4d 0.73
Avg FULL 279 12.7a 2.44c
LATE 220 12.5a 3.05bc
250mm 178 12.3a 3.79b
150mm 135 11.7a 4.65a
Rainfed 25 6.5a
[a] All variables have units of mm except for Yield, CWP, and IWUE. Precipitation for May through Aug.
[b] ∆S = Assumed field capacity 1 May 1998 and 1999 and 75% field capacity 1 May 2000.
[c] TW = total water = Rain + Irrigation+ ∆S.
[d] ETd = actual crop evapotranspiration. Etw calculated from yield data using the Yield-ET relationship:
Yield = 0.032(ET) - 8.1 derived by Schneekloth et al. (1991) for North Platte.
[e] L = water losses by runoff, deep percolation, and ineffective precipitation and irrigation.
[f] CWP = crop water productivity in units of kg m-3.
[g] IWUE = Irrigation water use efficiency in units of kg m-3.
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Table 3. Soil water contents (m3m-3) for two sampling depths, 
0-0.9 and 0-1.8 m, and three sampling dates in 1998.[a]
11 June 16 July 13 August
Treatment 0-0.9 m 0-1.8 m 0-0.9 m 0-1.8 m 0-0.9 m 0-1.8 m
Rainfed 0.28 a[b] 0.21 b 0.13 a 0.13 a 0.15 b 0.13 b
150 mm 0.28 a 0.23 ab 0.17 a 0.16 ab 0.23 a 0.20 a
250 mm 0.28 a 0.23 ab 0.19 a 0.18 ab 0.24 a 0.20 a
Late 0.27 a 0.22 ab 0.12 a 0.13 b 0.22 a 0.18 ab
Full 0.29 a 0.23 a 0.19 a 0.18 ab 0.23 a 0.21 a
[a] Soil water contents are for all treatment strategies at first quarter 
location.
[b] Means within the same sampling date and sampling depth followed 
by the same letter are not significantly different (P < 0.10).
Grain yields for the full and late treatments were similar
in 2000. The yields for these strategies were significantly
more than the 250- and 150-mm treatments. Grain yields for
the 250-mm treatments were 0.9 Mg ha-1 less than maximum
yields. Yields for the 150-mm allocation were 2.6 Mg ha-1
less than yields of the full and late treatments. Rainfed
management  was supplemented with 75 mm of irrigation in
July. Without this irrigation, the rainfed would have failed.
Drought was a major issue in 2000. Precipitation during the
growing season was nearly 40% less than average. Non-
growing season precipitation preceding 2000 was also 55%
below average, which increased the need for irrigation.
A soil water balance was tabulated (table 2) to summarize
the water inputs to the crop over the study years. Change in
soil water from May through August for the 1.8-m soil depth
(S) will be discussed in later sections. Based on antecedent
fall, winter, and spring precipitation, May 1998 and 1999 soil
water contents were assumed to be at field capacity. Actual
August soil water data were used for ending information. The
May 2000 soil water content was assumed to be 75% of field
capacity. Total water was all water inputs to the crop,
including ineffective precipitation and irrigation, deep
percolation,  and runoff. ETc was estimated from grain yield
data using a relationship of grain yield and ET developed at
the same research location with a water budget and a
sprinkler irrigation system (Schneekloth et al., 1991). In that
study the authors tried to eliminate all water losses except ET
from the relationship.
Figure 1 graphically represents the total water available to
the crops for the three study years compared with yield-ET
relationship from Schneekloth et al. (1991). The sprinkler
irrigation derived relationship from 1991 divides the field
data by wet and dry years. The 2000 data, to the left of the
Schneekloth relationship, might indicate better crop perfor-
mance under water stress in a dry year. The data to the upper
right may indicate water losses in the form of runoff or
leaching in the wet years. The “flatter” regression of the three
years of furrow irrigation field data indicates both losses in
the wet years and lack of dry-year rainfed treatment data
points to balance the preponderance of irrigated wet-year
irrigated data points.
Total water in the wetter years of 1998 and 1999 exceeded
the expected needs for all treatments except for the 150 mm
treatment.  For that treatment, water losses by runoff and deep
percolation were minimal. Total water available by precipita-
tion and change in stored soil moisture were more than the
estimated water use to produce the harvested yield in 1998
and 1999. Apparently, the rainfed treatment was not able to
Figure 1. Grain-yield evapotranspiration or total water applied relation-
ships for furrow irrigation study at North Platte, NE, 1998-2000. Linear
yield-ET relationship from Schneekloth et al. (1991).
capitalize  on rainfall sufficiently to reach potential yield
either of the two years. The dry year of 2000 appeared to test
the crop with limited water inputs but responded with
equivalent yields to prior years. Genetics may have improved
the drought tolerance of corn hybrids during the 10 years
between the two studies, but these differences are substantial.
The returns in terms of water invested showed consistent
patterns over the three years of the study (table 2). Crop water
productivity (CWP) or the return of grain yield from the
investment of ET was consistent for the three irrigated
treatments from year to year and across treatments. CWP for
the rainfed treatment was less than for the irrigated
treatments but ranged from 0.73 to 1.78kg m-3. Trends in
irrigation water use efficiency, which measured the return in
grain yield added above rainfed yields from gross irrigation
for that treatment, were also consistent across years. As water
applications decreased, irrigation water use efficiency
(IWUE) increased.
GRAIN YIELD ALONG FURROW LENGTH
Grain yield differences along the furrow were analyzed in
1999 and 2000 to infer whether these were sensitive to
irrigation treatments. During 1999, grain yields for the late,
250-mm, and 150-mm treatments were similar for all
quarters along the furrow length (fig. 2). The uniformity of
irrigation and usage of soil water across the field likely
resulted in similar field scale yields. The yields were also
similar to the full treatments except the last quarter, where the
full treatment had significantly more grain. Even though the
field scale results were the same for irrigated treatments in
1999, significantly more yield from full irrigation in the last
quarter indicated that the water advance in the other
irrigation treatments may have been insufficient. The
uniformity of rainfed grain yields along the furrow indicates
that runoff did not occur. Rainfed yields and their consistent-
ly less values compared to irrigated yields indicate the
importance of rainfall during 1999.
Grain yields were measured in one-third increments along
the length of the furrow in 2000 (fig. 3). Grain yields for the
full and late treatments were more in the upper two-thirds of
the field than the 150 mm and rainfed irrigation strategies. In
the mid-third of the field, the late and full treatments were
statistically more than the 150 mm and rainfed treatments.
Grain yields for late and 250-mm treatments in the lower
one-third of the field were 10% less than in the upper
two-thirds of the field. Yields for the full, late, and 250-mm
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Figure 2. Grain yield by furrow length for study treatments for the 1999 growing season (1 = top and 4 = bottom). Means followed by the same letter
are not significantly different (p < 0.1).
treatments were similar for the entire length of the field. This
would indicate that infiltrated water was reduced in the lower
portion of the field for the 150-mm treatment as compared to
the full treatment. Grain yields for the 150-mm treatment
were significantly less than the other irrigation strategies
along the bottom two-thirds of the field. Yields for the
150-mm treatment for the upper two-thirds of the field were
similar but yields were reduced by approximately 20% in the
lower one-third of the field. Small reductions in irrigation
amounts resulted in no yield reduction. However, greater
reductions in irrigation amounts resulted in greater yield
reductions. Late and 250-mm treatments nearly matched
fully irrigated yields across the field, but the 150-mm
treatment’s yields declined from the top to the bottom of the
field. The yield trend for the “rainfed” treatment along the
furrow length also follows the pattern of the limited irrigation
treatments.  The single irrigation event of 76 mm on the
rainfed treatment may have established a difference in soil
water from the top to the bottom of the field. In the below
average precipitation year of 2000, the full irrigation
treatment had full grain yield from the top to the bottom of
the field.
SOIL WATER AMONG IRRIGATION TREATMENTS
Soil water contents at several dates were compared to infer
the influence of irrigation treatments on infiltration rates.
Differences in soil water contents can indicate a pattern of
irrigation infiltration as the season progresses. When the soil
water status is near or at field capacity for different irrigation
management  strategies, the assumption was that excess
applied water may have leached beyond the root zone. Soil
water contents were the same among the treatments early in
the 1998 growing season, except for less water 0 to 1.8 m for
the dryland treatment (table 3). During vegetative growth, all
treatments consumed soil water so that the soil was at or
below 50% available water (0.2 m3m-3) on 16 July. The soil
water content of the full and 250-mm treatments were
slightly below 50% available. By mid-August, irrigation
increased the 0.9-m soil water contents of the irrigated
treatments and rainfed treatment soil water continued near
permanent wilting (0.11 m3m-3). This water stress reduced
yields by approximately 50% as compared with the full
treatment.
During 1999, all treatments were at or near field capacity
in the 0- to 0.9-m depth and somewhat less than that
throughout the 0- to 1.8-m depth (table 4). Irrigation water
Figure 3. Grain yield by furrow length for study treatments for the 2000 growing season. Means followed by the same letter are not significantly differ-
ent (p < 0.1).
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Table 4. Soil water contents (m3m-3) for two sampling depths, 
0-0.9 and 0-1.8 m, and three sampling dates in 1999. [a]
1 July 19 August 23 September
Treatments 0-0.9 m 0-1.8 m 0-0.9 m 0-1.8 m 0-0.9 m 0-1.8 m
Rainfed 0.28 ab[b] 0.24 ab 0.18 c 0.16c 0.14 b 0.13 b
150 mm 0.28 ab 0.25 ab 0.26 a 0.23a 0.21a 0.21 a
250 mm 0.27 ab 0.25 ab 0.23 ab 0.20ab 0.22a 0.19 a
Late 0.26 b 0.23 b 0.22 b 0.18 bc 0.20 a 0.18 a
Full 0.29 a 0.26 a 0.27 a 0.22 a 0.24 a 0.21a
[a] Soil water contents are for all treatment strategies at first quarter 
location.
[b] Means within the same sampling date and sampling depth followed 
by the same letter are not significantly different (P < 0.10).
was applied during July and early August due to below
average precipitation during that time period and high crop
water use (table 1). Without irrigation during July and
August, the rainfed treatment was half depleted of available
soil water in the 0- to 0.9-m soil depth. Precipitation during
the remainder of the growing season was above average.
However, plant available water in the top 0.9 m of the rainfed
treatment had dwindled to 14% during September. Even with
this stress level, grain yields were greater than 80% of the full
treatment.
Soil water at the start of the 2000 growing season was the
least of the three study years. Soil water at the same period
in 1998 and 1999 was near field capacity in the 0- to 0.9-m
soil profile. Plant available soil water was less than 50% prior
to ridging in 2000. Beginning soil water for the four irrigation
management  strategies was more than rainfed due to more
soil water at the end of 1999. Soil water recharge was
minimal from October 1999 to June 2000, due to below
average precipitation.
Soil water for all four irrigation strategies was similar in
June, July, and August 2000 (table 5), due to beginning
irrigation earlier than normal and continuing with irrigation
through the entire growing season. Although the 150-mm
treatment received two irrigations in late June and mid-July,
plant available soil water was similar to the other irrigation
strategies. Ending soil water for the 150-mm treatment was
similar to the 250-mm treatment, which received 75 mm
more water. Soil water for the late and full treatments was
similar for the entire growing season and more than either of
the allocation treatments. The late initiation treatment
Table 5. Soil water contents (m3m-3) for two sampling depths, 
0-0.9 and 0-1.8 m, and three sampling dates in 2000.[a]
12 June 6 July 16 August 8 September
Treatment 0.9 m 1.8 m 0.9 m 1.8 m 0.9 m 1.8 m 0.9 m 1.8 m
Rainfed 0.16a[b] 0.15b 0.15b 0.14b 0.13a 0.13a 0.16c 0.14b
150 mm 0.19a 0.19a 0.28a 0.25a 0.17a 0.17a 0.18bc 0.16b
250 mm 0.19a 0.19a 0.25a 0.23a 0.21a 0.20a 0.21ab 0.19ab
Late 0.16a 0.16ab 0.25a 0.23a 0.20a 0.21a 0.20a 0.21a
Full 0.17a 0.18ab 0.23a 0.22a 0.14a 0.14a 0.23a 0.19ab
[a] Soil water contents are for all treatment strategies at first quarter 
location.
[b] Means within the same sampling date and sampling depth followed by
the same letter are not significantly different (P < 0.10).
received 75-mm less irrigation and had similar overall yields
compared with full treatments. This might indicate that more
leaching of stored soil water occurred with the full water
management.
SOIL WATER ALONG FURROW LENGTH
Soil water was measured in each of the four quarters of the
field length for the 150 mm and full treatments. These
management  strategies had the most potential differences in
soil water along the furrow. During 1999, no significant
differences were observed between the two strategies
(table 6). There were no strong trends among the sampling
depths when comparing the irrigation treatments. There was
a slight trend for the soil profile to become drier as the season
progressed. However, both treatments showed this trend.
Table 6. Soil water content (m3m-3) for two sampling depths, 0-0.9 
and 0-1.8 m, as measured along the furrow length for three 
sampling dates during 1999.
Irrigation
Treatment
Furrow
Quarter
1 July 19 August 23 September
0.9 m 1.8 m 0.9 m 1.8 m 0.9 m 1.8 m
150 mm 1 0.28a[a] 0.25a 0.26a 0.23a 0.24a 0.21a
2 0.24a 0.23a 0.25a 0.24a 0.21a 0.21a
3 0.24a 0.24a 0.21a 0.20a 0.20a 0.20a
4 0.25a 0.24a 0.18a 0.17a 0.18a 0.17a
Full 1 0.29a 0.26a 0.27a 0.22a 0.24a 0.21a
2 0.25a 0.24a 0.24a 0.22a 0.21a 0.22a
3 0.25a 0.24a 0.23a 0.22a 0.21a 0.20a
 4 0.26a 0.25a 0.21a 0.19a 0.20a 0.19a
[a] Means within the same sampling date and sampling depth followed 
by the same letter are not significantly different (P < 0.10).
Table 7. Soil water content (m3m-3) for two sampling depths, 0-0.9 and 0-1.8 m, as measured 
along furrow the length for four sampling dates during 2000.
Irrigation
Treatment
Furrow
Quarter
12 June 6 July 16 August 8 September
0.9 m 1.8 m 0.9 m 1.8 m 0.9 m 1.8 m 0.9 m 1.8 m
150 mm 1 0.19 a[a] 0.19 a 0.28 a 0.25 a 0.17 a 0.17 a 0.18 a 0.16 a
2 0.19 a 0.19 a 0.26 a 0.24 a 0.16 a 0.16 a 0.16 a 0.14 a
3 0.19 a 0.19 a 0.23 a 0.20 a 0.14 a 0.13 a 0.17 a 0.14 a
4 0.17 a 0.18 a 0.18 a 0.18 a 0.12 a 0.12 a 0.16 a 0.14 a
Full 1 0.17 a 0.18 a 0.23 a 0.22 a 0.14 a 0.14 a 0.23 a 0.19 a
2 0.19 a 0.19 a 0.22 a 0.21 a 0.17 a 0.18 a 0.23 a 0.21 a
3 0.19 a 0.19 a 0.20 a 0.20 a 0.15 a 0.16 a 0.22 a 0.20 a
4 0.18 a 0.19 a 0.22 a 0.22 a 0.15 a 0.18 a 0.22 a 0.22 a
[a] Means within the same sampling date and sampling depth followed by the same letter are not significantly different (P < 0.10).
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No differences in stored soil water were observed among
the sampling locations for the full and 150-mm treatments
during June, July, and August of 2000 (table 7). For the full
treatment,  irrigation during 2000 began earlier and continued
through much of the growing season. Even though 2000 was
a low rainfall year, these results show that consistency in soil
water profiles were maintained throughout the season. Both
treatments gained soil water in July after an irrigation and the
full treatment appeared to end the season with slightly more
soil water than the 150-mm treatment. Irrigation for the
150-mm treatment ended in early August while irrigation
continued for full water management. The ending soil water
depletion from the 150-mm treatment was approximately
80% compared with 40% for the full treatment in the 0- to
1.8-m depth. However, the uniform soil water measurements
throughout the field indicate that irrigation events in the dry
year were advancing across the field effectively.
ECONOMIC ANALYSIS
During 1998 and 1999, the years with above average
precipitation,  all of the irrigated treatments produced at least
91% of the full irrigation grain yield (table 8). For the same
years, irrigation was reduced from one-third to one-half for
the 250- and 150-mm treatments as compared to the fully
irrigated treatment (table 9). During the dry year of 2000, the
150-mm treatment’s grain yield was 81% of the full
treatment.  This yield was obtained with 40% of the water
applied to the full treatment. During the same year, the
250-mm treatment achieved 95% of the yield using 60% of
the water of the full treatment. Some of these yield results are
trends and are not statistically different. Because a soil water
target of 50% plant available water available was to be
maintained in the full treatment, these plots tended to be over
irrigated.
An important result is that the limited irrigation treatments
produced acceptable yields, even in the dry year. Best
management  practices were in place to allow the cropping
system to maximize the beneficial use of the water that was
applied to the crop. Off season precipitation was captured,
infiltrated,  and stored in the soil through the residue
management  of the ridge tillage system. Furrow packing and
smoothing promoted advance of water through furrows in a
limited tillage system. Surge irrigation promoted advance of
water with advance cycles and limited runoff with cutback
cycles. Scheduling irrigations kept water in the soil profile
for timely root extraction and from targeted water applica-
tions during critical crop growth stages.
An economic analysis of the irrigation management
strategies was conducted based on a partial budget approach.
Only costs that differed due to the irrigation management
strategies were included in the analysis. Those costs included
Table 8. Grain yield as a percentage of full treatment for 1998-2000.
Year
Treatment 1998 1999 2000 Avg.
Rainfed 53 82 19 52
150 mm 94 98 81 91
250 mm 99 97 95 97
Late 96 97 102 98
Full 100 100 100 100
Table 9. Irrigation as a percentage of full treatment for 1998-2000.
Year
Treatment 1998 1999 2000 Avg.
Rainfed 0 0 20 9
150 mm 50 67 40 48
250 mm 68 67 60 64
Late 83 67 80 79
Full 100 100 100 100
costs for applying the irrigation water and grain harvest costs.
The adjusted gross annual returns [grain yield × price –
(irrigation cost + harvest cost)] were calculated for each
treatment (table 10). Three-year average grain yield and
irrigation applications were used for the analysis. As
irrigation costs increase the gap between adjusted gross
annual returns for limited and full irrigation decreased.
CONCLUSIONS
Irrigation management strategies, which reduce irrigation
during the vegetative growth stages, can reduce applied
water with little or no yield reduction. Average grain yields
for the years of this study for all irrigation management
strategies were statistically the same. There were yield
differences among the irrigation treatments during individual
years. During the dry year 2000, the 150-mm treatment
produced less grain yield than the 250-mm treatment. Both
of these treatments produced less than the full treatment. The
two allocation treatments produced significantly less than
each other and the full and late treatments. The 150-mm
treatment used 40% of gross irrigation and yielded 80% as
much as full irrigation. In 2000, grain yields for the late
treatment were similar to the full treatment with the use of
80% of gross irrigation. During the wet year 1999, all
irrigation treatments produced statistically the same crop.
However, water applications were reduced with management
strategies that either withhold irrigation during the vegetative
growth stage or restrict irrigation amounts or both. The
150-mm treatment used 50% of gross irrigation as compared
to the full treatment with 90% of maximum grain yield.
Irrigation uniformity was evaluated by measuring grain
yields (for all treatments) and soil water contents (for the
150-mm treatments) along the length of the furrow. Lower-
end grain yields for limited water treatments were the same
as the full treatment except for the 150-mm treatment during
2000, the dry year. Grain yields at the upper end of the field
for the 150-mm treatment were less than full treatment only
in 2000. Similar soil water and grain yield measurements
Table 10. Adjusted gross annual returns ($ ha-1 yr-1) for three 
water costs ($ ha-1 mm-1) by site for combined crop prices 
and years, and irrigation management treatments.
Irrigation
Treatments
Irrigation Cost $ ha-1 mm-1
$0.04 $0.08 $0.12
150 mm 217 (94)[a] 212 (96) 206 (98)
250 mm 228 (98) 221 (100) 214 (102)
LATE 231 (99) 222(100) 213 (101)
FULL 232 (100) 221 (100) 210 (100)
[a] The numbers in parenthesis are adjusted gross annual returns as a 
percentage of full treatment.
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along the length of the furrow between the full and 150-mm
treatments may help dispel fears of reducing water due to
restrictions from well capacities or regulations.
Limited water management strategies for furrow irriga-
tion have potential for increasing irrigation water use
efficiency in the Central Great Plains region. Management
strategies such as matching furrow length and stream
advance to field conditions will maximize the use of limited
water.
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